
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets (n)  Publication  number:  0  4 0 2   0 4 4   B 1  

12 EUROPEAN  PATENT  S P E C I F I C A T I O N  

@  Date  of  publication  of  patent  specification 
12.04.95  Bulletin  95/15 

(sT)  Int.  CI.6:  H04B  1 0 / 1 4  

(21)  Application  number  :  90305933.5 

(22)  Date  of  filing  :  31.05.90 

(54)  Optical  receivers. 

(30)  Priority  :  09.06.89  GB  8913306 

(43)  Date  of  publication  of  application 
12.12.90  Bulletin  90/50 

(45)  Publication  of  the  grant  of  the  patent  : 
12.04.95  Bulletin  95/15 

@  Designated  Contracting  States  : 
AT  BE  CH  DE  DK  ES  FR  GB  GR  IT  LI  NL  SE 

(56)  References  cited  : 
EP-A-  0  102  174 
EP-A-  0  129  305 
DE-A-  3  223  218 
DE-A-  3  543  677 
GB-A-  2  101  827 
US-A-  3  644  740 

CO 

o  
CM 
o  

LU 

(56)  References  cited  : 
12TH  EUROPEAN  CONFERENCE  ON  OPTICAL 
COMMUNICATION,  Barcelona,  22nd  -  25th 
September  1986,  pages  123-126;  S.  HATA  et 
al.:  "Monolithic  integration  of  a  Schottky 
photodiode  and  MESFET  using  an  InAIAs/lnG- 
aAs  heterostructure  " 

@  Proprietor  :  NORTHERN  TELECOM  LIMITED 
World  Trade  Center  of  Montreal, 
380  St.  Antoine  Street  West,  8th  Floor 
Montreal,  Quebec  H2Y  3Y4  (CA) 

(72)  Inventor  :  Jahromi,  Fazlollah  Roohizadegan 
1  Noakes  Avenue 
Great  Baddow,  Essex  CM2  8EJ  (GB) 

(74)  Representative  :  Dennis,  Mark  Charles  et  al 
Nortel  Limited 
Patents  and  Licensing 
^Vcst  Rodd 
Harlow,  Essex  CM20  2SH  (GB) 

Note  :  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any 
person  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted. 
Notice  of  opposition  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been 
filed  until  the  opposition  fee  has  been  paid  (Art.  99(1)  European  patent  convention). 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1  EPO 

Description 

This  invention  relates  to  optical  receivers  used  in 
optical  fibre  telecommunications  systems. 

The  three  basic  components  to  any  optical  fibre 
communications  based  system  are:- 

i.  a  transmitter,  which  converts  an  electrical  sig- 
nal  to  be  transmitted  into  an  optical  form, 
ii.  the  optical  fibre  which  acts  as  a  waveguide  for 
the  transmitted  optical  signal,  and  the 
iii.  optical  receiver  which  first  detects  the  optical 
signal  transmitted  and  converts  it  to  electrical 
form. 
A  typical  optical  receiver  comprises  a  photode- 

tector,  e.g.  a  reverse  biassed  avalanche  photodiode 
(APD)  or  PIN  diode,  coupled  across  the  inputs  of  a 
high  impedance  amplifier,  commonly  a  transimpe- 
dance  amplifier.  A  feedback  circuit  from  the  amplifier 
output  is  commonly  used  to  provide  automatic  gain 
control  of  the  bias  applied  to  the  photodetector. 

In  practice  optical  receivers  have  to  deal  with 
very  large  variation  of  signal  strengths.  When  strong 
optical  signals  are  detected  they  usually  lead  to  over- 
loading  of  the  frontend  amplifier.  The  range  between 
the  maximum  sensitivity  and  minimum  overload  point 
of  an  optical  receiver  is  called  the  dynamic  range  of 
the  receiver. 

The  present  invention  seeks  to  provide  a  means 
for  increasing  the  dynamic  range  of  an  optical  receiv- 
er  by  removing  the  overload  criteria  within  the  oper- 
ating  range  without  affecting  the  sensitivity  of  the  re- 
ceiver.  It  is  already  known  from  European  Patent  Ap- 
plication  EP  0102174  to  provide  AC  shunt  means  at 
the  input  of  the  receiver  amplifier  to  divert  excess  AC 
current  to  ground. 

Examination  of  the  time  averaged  D.C.  photocur- 
rent  generated  from  the  received  optical  signal  shows 
that  a  linear  relationship  exists.  However,  when  the 
optical  power  received  is  expressed  in  dBm  relative  to 
the  photocurrent  generated,  an  exponential  curve  is 
obtained,  as  shown  in  Figure  1  . 

This  curve  is  fundamental  to  an  understanding  of 
the  overload  problem  since  it  clearly  indicates  the 
kind  of  current  variation  the  frontend  amplifier  has  to 
deal  with  at  its  input. 

Examination  of  the  characteristics  of  a  semicon- 
ductor  diode  shows  that  the  forward  bias  current  va- 
riation  through  the  diode  with  respect  to  the  voltage 
developed  across  it  is  also  non-linear  and  follows  an 
exponential  form,  as  shown  in  Figure  2. 

According  to  the  invention  there  is  provided  an 
optical  receiver  having  a  reverse  biassed  photodetec- 
tor,  voltage  dependent  impedance  means  including  a 
first  diode  connected  in  series  with  a  capacitor  and  a 
first  resistor  to  shunt  AC  current  developed  by  the 
photodetector,  characterised  in  that  the  receiver  fur- 
ther  includes  a  second  diode  connected  in  series  with 
a  second  resistor  and  said  first  diode,  a  source  of  bias 
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current  connected  to  said  second  diode  and  via  a  third 
resistor  to  said  photodetector,  and  means  for  increas- 
ing  forward  biassing  of  said  first  and  second  diodes 
respectively  dependent  in  response  to  increasing  opt- 

5  ical  signal  level  at  said  photodetector. 
Embodiments  of  the  invention  will  now  be  descri- 

bed  with  reference  to  the  accompanying  drawings,  in 
which:- 

Fig.  1  shows  the  relationship  between  photocur- 
10  rent  and  optical  power  in  a  semiconductor  photo- 

detector, 
Fig.  2  shows  the  relationship  between  forward 
bias  current  with  respect  to  voltage  across  a  sem- 
iconductor  diode, 

15  Figs.  3a  and  3b  show  alternative  arrangements 
for  placing  a  semiconductor  diode  in  series  with 
a  semiconductor  photodetector  in  an  optical  re- 
ceiver, 
Figs.  4a  and  4b  show  modifications  of  the  ar- 

20  rangements  of  Figs.  3a  and  3b  with  a  resistor  in 
parallel  with  the  diode, 
Fig.  5  shows  the  relationship  between  junction 
capacitance  and  reverse  bias  voltage  of  a  Schott- 
ky  semiconductor  diode, 

25  Fig.  6  is  a  schematic  circuit  diagram  of  an  optical 
receiver,  and 
Fig.  7  is  a  schematic  circuit  diagram  of  an  alter- 
native  optical  receiver. 
The  invention  essentially  provides  a  solution  to 

30  the  overload  problem  since,  by  placement  of  a  diode 
D0  in  series  with  the  photodiode  Dd  as  shown  in  Figs. 
3a  and  3b,  and  by  applying  correct  biassing  the  expo- 
nential  variation  of  the  photocurrent  can  be  followed. 

Placement  of  a  resistor  F̂   in  parallel  with  the  di- 
35  ode  D0  as  in  Figure  4  enables  control  of  the  biassing 

of  the  diode  D0  to  be  achieved  since  the  photocurrent 
generated  by  the  photodiode  Dd  demands  a  bias  cur- 
rent  through  the  resistor  F̂   and  diode  D0. 

At  very  low  light  levels  the  photocurrent  generat- 
40  ed  is  very  small,  of  the  order  of  uAmps.  At  this  stage 

the  bias  current  is  supplied  through  the  resistor  F̂   but 
as  light  level  increases  the  bias  current  h  flowing 
through  F̂   leads  to  a  voltage  drop  across  it. 

Looking  at  Figure  2  it  can  be  seen  that  this  voltage 
45  drop  acts  as  a  bias  voltage  Vb  across  the  diode  D0 

which  then  gradually  turns  the  diode  on  according  to 
the  time  averaged  level  of  the  optical  signal. 

Another  advantage  of  this  resistor  is  that  at  sen- 
sitivity  the  majority  of  the  bias  current  to  the  photo- 

50  diode  Dd  is  supplied  through  the  resistor  This  min- 
imises  the  noise  contribution  of  the  diode  D0  and  also 
its  junction  capacitance  Ct,  which  affects  the  AC  com- 
ponent  of  the  signal. 

So  far  only  the  time  averaged  DC  effect  of  the 
55  optical  signal  has  been  considered.  However,  there  is 

also  an  AC  component  which  increases  with  the  in- 
creased  optical  signal  level  and  leads  to  overloading 
of  the  frontend  amplifier. 
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Therefore  a  practical  solution  should  also  include 
means  of  limiting  the  maximum  AC  signal  level  at  the 
input  of  the  front  end  amplifier.  However,  the  solution 
should  not  affect  the  AC  signal  at  very  low  signal  lev- 
els.  From  what  was  said  earlier  it  can  be  seen  that 
maximum  sensitivity  is  obtained  when  minimum  load- 
ing  of  the  photodiode  occurs. 

So  to  provide  sensitivity  as  far  as  the  photodiode 
is  concerned,  the  diode  D0  must  represent  a  very  high 
impedance  .  For  AC  signals  this  means  that  the  diode 
D0  must  have  a  very  small  device  capacitance.  This 
factor  becomes  more  critical  to  the  receiversensitivity 
as  the  frequency  of  operation  is  increased. 

Examination  of  semiconductor  diodes  reveals 
that  Schottky  diodes  present  very  lowjunction  capac- 
itances  when  reverse  biassed  or  at  zero  bias,  so  a 
Schottky  diode  can  be  used.  It  has  been  found  that 
with  forward  biassing  of  the  diode  the  capacitance  of 
the  diode  increases  exponentially,  as  shown  in  Figure 
5.  This  is  exactly  what  is  required  since  as  the  photo- 
electric  signal  amplitude  generated  by  the  diode  in- 
creases  it  is  required  to  direct  some  of  the  AC  signal 
away  from  the  frontend  amplifier.  The  diode  D0  also 
provides  such  a  path.  A  grounded  capacitor  connect- 
ed  to  the  other  end  of  the  dicde  provides  an  AC  shunt- 
ing  path  to  the  ground  such  that  the  impedance  pre- 
sented  to  the  AC  signal  of  the  photodiode  is  only  that 
of  the  dynamic  impedance  of  the  diode  D0  at  its  point 
of  operation. 

In  the  diagram  of  Fig.  6  a  photodetector  Dd  is  con- 
nected  across  the  inputs  to  a  receiver  front  end  am- 
plifier  Ar.  A  feedback  circuit  from  the  amplifier  in- 
cludes  a  signal  level  detector  S1d  which  provides  a 
gain  control  signal  to  a  bias  voltage  circuit  Bv.  Bias 
voltage  Vs  is  applied  to  the  photodetector  via  resistor 
Ri.  The  photodetector  Dd  is  shunted  by  diode  D0  in 
series  with  capacitance  C  and  resistance  Rc.  Diode  D0 
is  connected  to  the  bias  source  through  resistance  Rs 
and  diode  Ds. 

At  low  light  levels  the  photocurrent  lp  generated 
by  the  photodetector  Dd  is  very  small,  therefore  the 
bias  current  h  required  to  flow  through  R̂   and  Dd  is 
also  quite  small.  At  this  stage  most  of  the  bias  current 
is  supplied  through  R̂   and  there  is  only  a  very  small 
current  flow  through  D0,  the  impedance  of  D0  being 
very  high.  As  the  optical  signal  level  applied  to  Dd  in- 
creases  so  the  photocurrent  lp  increases.  This  leads 
to  a  larger  current  h  flowing  through  R̂   causing  the 
voltage  across  R̂   to  rise.  Therefore,  as  tends  to- 
wards  Vs  (the  voltage  across  Ds  and  Rs)  plus  Vf  (the 
voltage  across  D0)  then  diode  D0  is  gradually  turned 
on.  When  =  Vs  +  Vf  the  diode  D0  is  forward  biassed 
and  current  ld,  through  Ds  and  Rs,  starts  to  become 
the  dominant  bias  current  supply  for  the  photodetec- 
tor  Dd.  At  this  stage  the  impedance  of  D0  is  lowered 
and  some  of  the  photocurrent  generated  by  Dd  is 
shunted  via  capacitance  C  and  resistance  Rc  to 
ground,  thus  limiting  the  amplitude  of  the  input  signal 

applied  to  the  amplifier  Ar.  The  reduction  in  impe- 
dance  is  due  to  the  non  linear  behaviour  of  the  diode 
D0.  In  general  a  Schottky  device  is  chosen  for  the  low 
junction  capacitance,  low  leakage  and  a  suitable  va- 

5  riation  of  dynamic  impedance  with  current.  The  circuit 
has  an  inbuilt  feedback  control  whereby  with  increas- 
ing  signal  level  the  bias  voltage  stays  equal  to  Vs 
+  Vf,  therefore  controlling  the  bias  current  flow 
through  D0  and  also  its  impedance  to  the  signal  cur- 

io  rent. 
It  is  to  be  noted  that  the  circuit  of  Fig.  6  would  still 

operate  if  R̂   is  removed.  The  sensitivity  is  reduced 
slightly  but,  since  the  current  through  D0  is  very  small 
it  still  represents  a  high  impedance  to  the  photodetec- 

15  tor  current. 
There  are  two  main  reasons  for  receiver  over- 

load.  One  reason  is  the  lack  of  sufficient  bias  current 
applied  to  the  photodetector  at  light  optical  signal  lev- 
els.  The  other  reason  is  that  the  front  end  amplifier  Ar 

20  becomes  saturated  with  a  large  input  signal  level.  If 
the  second  reason  is  not  a  limiting  criteria  the  capac- 
itor  C  can  be  removed. 

The  principle  of  operation  of  the  invention  has 
been  explained  by  way  of  example  using  the  particu- 

25  lar  circuit  of  Fig.  6.  However,  there  are  many  other  ar- 
rangements  of  circuits  which  would  become  apparent 
to  those  skilled  in  the  art  which  would  achieve  the 
same  results.  For  example,  the  voltage  dependant 
impedance,  exemplified  by  the  diode  D0  in  Fig.  6, 

30  could  be  implemented  instead  by  a  transistor  and 
controlled  by  a  signal  from  the  signal  level  detector. 

In  the  alternative  circuit  shown  in  Fig.  7,  the  pho- 
todetector  Dd  is  connected  in  a  balanced  configura- 
tion  for  amplifier  Ar,  the  fixed  bias  being  applied  via 

35  Rn  and  R12.  Shunting  of  the  photocurrent  is  now  ef- 
fected  via  voltage  dependent  diodes  D0i  and  D02  to 
provide  for  both  polarities  of  signal  current.  (Note  that 
in  practice  series  pairs  of  diodes  are  used  to  reduce 
capacitance  effects.).  Diode  in  the  fixed  bias  sup- 

40  ply  provides  dynamic  impedance  which  improves  the 
sensitivity  of  the  photodetector.  Diode  Ds1  is  included 
to  compensate  for  changes  in  due  to  temperature 
fluctuation.  Diodes  Ds1  and  Ds2  are  switching  diodes. 
The  forward  bias  voltage  Vf  of  Ds1  and  Ds2  controls  the 

45  point  at  which  the  overload  diodes  switch  on. 

Claims 

so  1  .  An  optical  receiver  having  a  reverse  biassed  pho- 
todetector  (Dd),  voltage  dependent  impedance 
means  to  shunt  AC  current  developed  by  the  pho- 
todetector,  characterised  in  that  the  voltage  de- 
pendent  impedance  means  includes  a  first  diode 

55  (D0)  connected  in  series  with  a  capacitor  (C)  and 
a  first  resistor  (Rc)  and  in  that  the  receiver  further 
includes  a  second  diode  (Ds)  connected  in  series 
with  a  second  resistor  (Rs)  and  said  first  diode 

3 
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(D0),  a  source  (Bv)  of  bias  current  connected  to 
said  second  diode  (Ds)  and  via  a  third  resistor  (RL) 
to  said  photodetector,  and  means  (SLD)  for  in- 
creasing  forward  biassing  of  said  first  and  second 
diodes  respectively  dependent  in  response  to  in- 
creasing  optical  signal  level  at  said  photodetec- 
tor. 

2.  An  optical  receiver  according  to  claim  1  wherein 
the  photodetector  (Dd)  is  connected  across  the  in- 
puts  of  a  balanced  amplifier  Ar,  characterised  in 
that  said  voltage  dependent  impedance  shunting 
the  photodetector  comprises  voltage  dependent 
diodes  (D0i,  D02;  Fig  7)  connected  to  provide  for 
both  polarities  of  photodetector  signal  current 
and  that  a  further  diode  (D  ̂ Fig  7)  is  provided  to 
form  a  dynamic  impedance  in  the  fixed  bias  sup- 
ply  for  the  photodetector. 

Patentanspruche 

Revendications 

1  .  Recepteur  optique  ayant  un  photodetecteur  pola- 
rise  en  inverse  (Dd),  et  un  dispositif  ayant  une  im- 

5  pedance  qui  depend  de  la  tension  et  destine  a 
shunter  un  courant  alternatif  cree  par  le  photode- 
tecteur,  caracterise  en  ce  que  le  dispositif  ayant 
une  impedance  qui  depend  de  la  tension  compor- 
te  une  premiere  diode  (D0)  connectee  en  serie 

10  avec  un  condensateur  (C)  et  une  premiere  resis- 
tance  (Rc),  et  en  ce  que  le  recepteur  comporte  en 
outre  une  seconde  diode  (Ds)  connectee  en  serie 
avec  une  seconde  resistance  (Rs)  et  la  premiere 
diode  (D0),  une  source  (Bv)  d'un  courant  de  pola- 

15  risation  connectee  a  la  seconde  diode  (Ds)  et,  par 
I'  intermedia  ire  d'une  troisieme  resistance  (RL), 
au  photodetecteur,  et  un  dispositif  (SLD)  destine 
a  augmenter  la  polarisation  dans  le  sens  direct 
des  premiere  et  seconde  diodes  respectivement 

20  en  fonction  de  I'augmentation  de  niveau  du  signal 
optique  au  photodetecteur. 

1.  Optischer  Empfanger  mit  einem  in  Sperrichtung 
vorgespannten  Photodetektor  (Dd)  und  mit  span- 
nungsabhangigen  Impedanzeinrichtungen  zur 
Bildung  eines  Nebenschlusses  fur  den  von  dem 
Photodetektor  erzeugten  Wechselstrom, 
dadurch  gekennzeichnet,  daft  die  spannungsab- 
hangigen  Impedanzeinrichtungen  eine  erste  Di- 
ode  (D0)  einschlielien,  die  in  Serie  mit  einem  Kon- 
densator  (C)  und  einem  ersten  Widerstand  (Rc) 
geschaltet  ist,  und  dali  der  Empfanger  weiterhin 
eine  zweite  Diode  (Ds),  die  in  Serie  mit  einem 
zweiten  Widerstand  (Rs)  und  der  ersten  Didode 
(D0)  geschaltet  ist,  eine  Vorstromquelle  (Bv),  die 
mit  der  zweiten  Diode  (Ds)  und  uber  eine  dritten 
Widerstand  (RL)  mit  dem  Photodetektor  verbun- 
den  ist,  und  Einrichtungen  (SLD)  zur  Vergrolie- 
rung  der  Durchlalivorspannung  der  ersten  und 
zweiten  Dioden  jeweils  in  Abhangigkeit  von  ei- 
nem  ansteigenden  optischen  Signalpegel  an 
dem  Photodetektor  einschlielit. 

2.  Recepteur  optique  selon  la  revendication  1  ,  dans 
lequel  le  photodetecteur  (Dd)  est  connecte  entre 

25  les  entrees  d'un  amplificateurequilibre  Ar,  carac- 
terise  en  ce  que  I'impedance  qui  depend  de  la 
tension  qui  shunte  le  photodetecteur  comporte 
des  diodes  (Do1,  Do2  ;  figure  7)  dependant  de  la 
tension  connectees  afin  qu'elles  donnent  les 

30  deux  polarites  du  courant  du  signal  du  photode- 
tecteur,  et  en  ce  qu'une  diode  supplemental 
(Di  ;  figure  7)  est  destinee  a  former  une  impedan- 
ce  dynamique  dans  I'alimentation  de  polarisation 
fixe  du  photodetecteur. 

35 

40 

2.  Optischer  Empfanger  nach  Anspruch  1,  bei  dem 
der  Photodetektor  (Dd)  langs  der  Eingange  eines  45 
symmetrischen  Verstarkers  (Ar)  angeschaltet  ist, 
dadurch  gekennzeichnet,  dali  derspannungsab- 
hangige  Impedanz-NebenschluB  des  Photode- 
tektors  spannungsabhangige  Dioden  (D0i,  D02, 
Fig.  7)  umfalit,  die  zur  Berucksichtigung  beider  so 
Polaritaten  des  Photodetektor-Signalstromes  an- 
geschaltet  sind,  und  dali  eine  weitere  Diode  (D^ 
Fig.  7)  zur  Bildung  einerdynamischen  Impedanz 
in  der  festen  Vorspannungsversorgung  fur  den 
Photodetektor  vorgesehen  ist.  55 
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